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(57) ABSTRACT

A steering rack (11a) meshes with a pinion rotatably driven
by the mput shait (6) of a steering gear (5) constituting an
automotive steering device. The steering rack (11a) 1s pro-
vided with a an axially extending rod part (15) of round
cross section, and a plurality of rack teeth (16) formed on a
radial one side surface of an axial portion of the rod part
(15), the rack teeth (16) meshing with the pinion. At least
one dummy tooth (42) 1s formed in portions that are axial
parts of the rod part (15) and are adjacent to both axial sides
of the plurality of rack teeth (16). The dummy tooth (42) has
a tooth height less than the rack teeth (16) and does not mesh
with the pinion.
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1

STEERING RACK AND METHOD FOR
MANUFACTURING THE SAME

TECHNICAL FIELD

The present mvention 1s a divisional of U.S. application
Ser. No. 15/113,204 filed on Jul. 21, 2016 which relates to
a steering rack and a method for manufacturing the same.

RELATED ART

For example, as shown 1n FIG. 10, an automotive steering,
device configured to apply a steering angle to steering
wheels of an automobile (generally, front wheels except for
a special vehicle such as a forklift) 1s configured to transmat
movement of a steering shait 2 configured to rotate in
accordance with an operation of a steering wheel 1 to an
input shaft 6 of a steering gear 5 via universal joints 3, 3 and
an intermediate shaft 4. The steering gear 5 has a pinion
configured to rotate by the mput shait 6 and a steering rack
configured to mesh with the pinion. When the pinion rotates
together with the input shaft 6, the steering rack 1s axially
displaced to push and pull a pair of tie-rods 7, 7 coupled to
both end portions thereof, thereby applying a desired steer-
ing angle to the steering wheels.

Also, a gear housing 9 1s coupled to a lower end of a
steering column 8 1n which the steering shatt 2 1s inserted.
The gear housing 9 1s configured to support an electric motor
10. By the electric motor 10, an auxiliary force of a rotating
direction 1s applied to the steering shaift 2.

Meanwhile, 1n addition to the column-assisted electric
power steering device shown i FIG. 10, electric power
steering devices called as a pinion-assisted type, a dual
pinion-assisted type and a rack-assisted type have been used.
FIG. 11 depicts a steering device in which a dual pinion-
assisted power steering device 1s incorporated. The steering
device has a second 1nput shait 12 arranged at a part that 1s
an axial part of a steering rack 11 and 1s spaced from a pinion
provided on an outer periphery of the mnput shaft 6. A second
pinion provided on an outer periphery of one end portion of
the second imput shaift 12 1s configured to mesh with the
steering rack 11. Also, an electric motor 10a 1s supported to
a lateral side of a housing 13 in which the second input shaft
12 1s provided. By the electric motor 10a, a force of a
rotating direction 1s applied to the second nput shait 12 via
a decelerator 14. Theretfore, the steering rack 11 1s axially
displaced by a force based on the auxiliary force and a force
applied from the mput shait 6 on the basis of a force applied
to the steering wheel 1 by a driver.

In the shown example, a plurality of rack teeth 1s axially
provided on a radial one side surface of the steering rack 11,
except for both end portions coupled to the pair of tie-rods
7, 7 (refer to FIG. 10). A pitch of the pinion provided on the
outer periphery of the input shaft 6 and a pitch of the second
pinion provided on the outer periphery of the one end
portion of the second input shait 12 can be made to be
different from each other can be made to be different from
cach other. An angle between a central axis of the input shaft
6 and a central axis of the steering rack 11 and an angle
between a central axis of the second 1mput shait 12 and the
central axis of the steering rack 11 can be made to be
different from each other.

When the rack for the steering gear 1s made by performing,
cutting processing for a material to form a plurality of rack
teeth, the manufacturing cost increases and it 1s dithicult to
secure the strength and stifiness of the rack. In contrast,
when the rack teeth are formed by plastically deforming a
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material by cold forging, it i1s possible to shorten time
necessary for processing of the rack teeth and to reduce the
manufacturing cost because 1t 15 not necessary to perform
finshing processing after the quenching. Also, since a metal
structure of the obtained rack 1s dense and a sectional shape
of the rack can be deformed upon the plastic deformation, as
required, 1t 1s easy to secure the strength and stifiness of the
rack. The steering rack manufacturing method of processing
the rack teeth by the cold forging 1n this way has been known
in Patent Documents 1 to 5, for example.

FIGS. 12 to 17 depict an example of a steering rack and
a method for manufacturing the same disclosed in Patent
Document 5. A steering rack 11a has a rod part 15 made of
a metal material such as carbon steel, stainless steel or the
like and having a round cross section and a plurality of rack
teeth 16 formed on a radial one side surface of a part in the
axial direction (a left part in FIGS. 12 to 14) of the rod part
15 by plastic processing. The rod part 15 1s integrally formed
over 1ts entire length by the metal material. Herein, a part 1n
the axial direction of the rod part 15 and is spaced circum-
terentially from a part on which the plurality of rack teeth 16
1s formed 1s referred to as a backside part 17. In the shown
example, a radius of curvature R, (refer to FIG. 15) of the
cross section of the backside part 17 1s made greater than a
radius of curvature r,, (refer to FIG. 15) of an outer
periphery of a cylindrical part 18, which 1s the other part in
the axial direction (a right part in FIGS. 12 to 14) of the rod
part 15 (R,>r,,). According to this structure, while sufi-
ciently securing a width size, stiflness and strength of the
rack teeth 16, it 1s possible to suppress an outer diameter of
a part except for the part on which the rack teeth 16 1is
formed from increasing beyond necessity, thereby reducing
a weight.

Subsequently, a manufacturing method of the above-
described steering rack 11a i1s described with reference to
FIGS. 16 to 18. First, as shown 1 FIG. 16A, a cylindrical
material 19 made of a metal material such as carbon steel,
stainless steel or the like 1s set (placed) 1n a concave groove
portion 21 provided on an upper surface of a recerving die
20 and having an arc-shaped cross section. Then, as shown
in FIG. 16B, mounting processing of strongly pressing the
matenal 19 toward the concave groove portion 21 by a tip
surface (lower end surface) of a pressing punch 22, which 1s
long along the concave groove portion 21, 1s performed. In
the mounting processing shown in FIG. 16B, a part 1n an
axial direction of the material 19 on which the rack teeth 16
(refer to FIGS. 12 to 15) are to be formed 1s crushed 1n a
vertical direction and a width size 1n a horizontal direction
1S 1ncreased, so that an intermediate material 23 1s formed.
The itermediate material 23 has, on 1ts outer periphery, a
partially cylindrical surface part 24 which 1s to be the
backside part 17 (refer to FIGS. 12, 14 and 15), a flat surface
part 25 located at an opposite side to the partially cylindrical
surface part 24 with respect to a radial direction of the cross
section, and a pair of curved surface parts 26, 26 configured
to continuously connect the partially cylindrical surface part
24 and the flat surface part 25 and having a relatively small
radius of curvature.

Subsequently, as shown i1n FIG. 16C, the intermediate
material 23 1s pulled out from the concave groove portion 21
of the receiving die 20 and 1s 1nserted (set) into a bottom 29
of a holding hole 28 provided to a die 27. A radius of
curvature of the bottom 29 is substantially the same as a
radius of curvature of an inner surface of the concave groove
portion 21 of the receiving die 20. Also, both inner surfaces
30, 30 are planar surfaces parallel with each other. Further,
upper openings are provided with a pair of inclined guide
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surface portions 31, 31, which are inclined 1n a direction 1n
which an interval therebetween gradually increases toward
the above.

When the intermediate material 23 1s set in the holding
hole 28 of the die 27, a tooth-forming punch 32 1s mserted
into the holding hole 28 and the intermediate material 23 1s
strongly pushed into the holding hole 28 by the tooth-
forming punch 32, as shown 1in FIGS. 16C and 16D. A
processing surface (lower surface) of the tooth-forming
punch 32 is provided with a rack tooth processing concave
and convex 40 having a shape corresponding to the rack
teeth 16 to be formed. Also, the outer periphery of the
intermediate material 23 1s restrained by the inner surfaces
of the holding hole 28, except for the flat surface part 235 on
which the rack teeth 16 are to be formed. For this reason,
when the intermediate material 23 1s strongly pushed into
the holding hole 28 by the tooth-forming punch 32, the flat
surface part 25 of the intermediate material 23 1s plastically
deformed 1n conformity to the rack tooth processing concave
and convex 40, so that the intermediate material 1s processed
into a base rack 33 having rack teeth 16 as shown in FIGS.
16D and 17A. At this state, the base rack 33 1s insuthicient
in terms of shape accuracy and size accuracy, as compared
to the completed steering rack 11a (refer to FIGS. 12 to 15),
and end edges of the rack teeth 16 are sharp. Also, since the
excess thickness extruded (from portions to be tooth bot-
toms) as the rack teeth 16 are processed 1s strongly pressed
to both mner surfaces 30, 30 of the holding hole 28, relief flat
surface parts 34, 34 parallel with each other are formed on
both left and right side surfaces of the base rack 33.

Therelore, after uplifting the tooth-forming punch 32, the
base rack 33 1s pulled out from the holding hole 28, and 1s
placed on a sizing concave and convex surface part 36
formed on an upper surface of a sizing die 35, as shown 1n
FIG. 16E. At this time, the base rack 33 is vertically
inverted. The sizing concave and convex surface part 36 has
a shape (an concave and convex 1s mverted with respect to
a completed shape) corresponding to the shape of the rack
teeth 16 to be obtained, including chamiered portions of end
edges of the teeth. Then, as shown 1n FIGS. 16E and 16F, the
part of the base rack 33 having the rack teeth 16 formed
thereon 1s strongly pressed toward the sizing concave and
convex surface part 36 by a press die 37.

A lower surface of the press die 37 1s formed with a
pressing concave groove 38 having a radius of curvature
comnciding with the radius of curvature R, 5 (refer to FIG. 15)
of the backside part 17 of the completed steering rack 1la.
The base rack 33 i1s strongly pressed toward the sizing
concave and convex surface part 36 at a state where a part
to be the backside part 17 1s fitted in the pressing concave
groove 38. As a result, at a state (FIG. 16F) where the s1zing
die 35 and the press die 37 are suiliciently brought close to
cach other, the rack teeth 16 are 1n a completed state shown
in FIG. 178 (a state where a shape and a size are appropriate
and an end edge of each tooth 1s chamfered) and the
backside part 17 also has appropriate shape and size. In the
meantime, the excess thickness extruded by performing the
s1zing 1s collected at both relief flat surface parts 34, 34.
Theretfore, both relief flat surface parts 34, 34 little remain
in the completed steering rack 11la. However, since the
excess thickness does not extremely strongly press the inner
surfaces of the sizing concave and convex surface part 36 or
the pressing concave groove 38, it 1s possible to suppress the
processing load of the sizing as low as possible and to easily
secure the durability of the s1zing die 35 and the press die 37.
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SUMMARY OF THE

INVENTION

Problems to be Solved

According to the manufacturing method of the steering
rack of the related art, including the manufacturing method
disclosed 1n Patent Document 5, following problems may
occur. As described above, when the intermediate material
23 1s strongly pushed into the holding hole 28 by the
tooth-forming punch 32, the flat surface part 25 of the
intermediate material 23 1s plastically deformed 1n confor-
mity to the rack tooth processing concave and convex 40 of
the tooth-forming punch 32 and is processed into the base
rack 33 having the rack teeth 16 (refer to FIG. 18).

Herein, as shown 1n FIG. 19 (corresponding to an areca A
surrounded by the broken line of FIG. 18), a tooth 39 of the
tooth-forming punch 32 configured to form a rack tooth 16,
which 1s adjacent to an intermediate part in the axial
direction, of a plurality of teeth 39 configuring the rack tooth
processing concave and convex 40 of the tooth-forming
punch 32 1s applied with equivalent forces 1, from the rack
teeth 16 of both axial sides at the same tooth height. In
contrast, as shown in FIG. 20 (corresponding to an area B
surrounded by the broken line of FIG. 18), a tooth 39 of the
tooth-forming punch 32 configured to form both ends of a
rack tooth 16 1n the axial direction (1n FIGS. 18 and 20, only
one end of the rack tooth 16 1n the axial direction 1s shown)
and positioned at an axially outer side of the corresponding
rack tooth 16 1s applied with the force 1, from the rack tooth
16 placed 1n an axially mner side of the tooth 39. For this
reason, the moments applied from both axial sides are
unbalanced, bending occurs in the tooth 39 of the tooth-
forming punch 32, stress 1s concentrated on a corner of a root
of the tooth 39, strong tensile force 1s thus generated, and the
lifetime of the tooth-forming punch 32 may be shortened. In
the worst case, a crack C 1s generated at the corner of the root
of the tooth 39, so that the tooth may be fractured.

The present invention has been made in view of the above
situations, and an object of the present invention 1s to
provide a steering rack and a method for manufacturing the
same capable of implementing a long lifetime of a tooth-
forming punch when cold forging 1s performed.

Means for Solving the Problems

The above object of the present invention 1s achieved by
following configurations.
(1) A steering rack configured to mesh with a pinion con-
figured to be rotationally driven by an mput shaft of a
steering gear configuring an automotive steering device,
wherein

the steering rack has a rod part extending in an axial
direction and having a round cross section and a plurality of
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rack teeth formed on a radial one side surface of a part of the
rod part 1n the axial direction and configured to mesh with
the pinion, and

at least one dummy tooth having a tooth height less than
the rack teeth and configured not to mesh with the pinion 1s 2
formed at parts that are the parts of the rod part 1n the axial

direction and are adjacent to both axial sides of the plurality
of rack teeth.
(2) In the steering rack of (1), wherein

the dummy tooth has an axially mmner surface and an
axially outer surface configured to be inclined 1n a direction
of axially coming close to each other as they go toward a
radially outer side, and a radially outer surface configured to
connect the axially inner surface and the axially outer
surface, and

a pair of connection parts between the axially inner
surface and the radially outer surface and between the
axially outer surface and the radially outer surface has an R
shape. 20
(3) In the steering rack of (2), wherein

the n (n: natural number) dummy teeth are formed at the
parts that are the parts of the rod part 1n the axial direction
and are adjacent to both axial sides of the plurality of rack
teeth, 25

cach of the rack teeth has an axially inner surface and an
axially outer surface configured to be inclined 1n a direction
of axially coming close to each other as they go toward a
radially outer side, and a radially outer surface configured to
connect the axially inner surface and the axially outer 30
surface, and

when an inclined angle of the axially outer surface, which
1s adjacent to the dummy tooth, of the rack tooth, which 1s
positioned at each of both axial ends, of the plurality of rack
teeth 1s denoted as 0, 33

inclined angles of the axially inner surfaces of the plu-
rality of dummy teeth are denoted as 0,,0,,, ..., 0, 1norder
from first to n” dummy teeth close to the rack tooth, and

inclined angles of the axially outer surfaces of the plu-
rality of dummy teeth are denoted as 0, 0., . .., 0, ., 1n 40
order from the first to n” dummy teeth close to the rack
tooth,

the inclined angles are set so that a relation of
0,<0,=0,<0,=<0.<... <0, =0, _ , 1s satisfied.
(4) In the steering rack of (3), wherein 45

when a tooth height of the rack tooth positioned at each
of both ends 1n the axial direction 1s denoted as H, and tooth
heights of the plurality of dummy teeth are denoted as Hj,
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15

H.,...,H, ., inorder from the first to n”” dummy teeth, the
tooth heights are set so that a relation of H,>H,> 50
H.>...>H, _, 1s satisfied.

(5) In the steering rack of (4), wherein

when a half value of the tooth height of the rack tooth
positioned at each of both ends in the axial direction 1s
denoted as L, and half values of the tooth heights H;, 55

H., ..., H, ., of the first to n”” dummy teeth are denoted
-L.,...,L,=H, ,-L, _; 1s satisfied, and

when a force, which 1s to be generated on the axially outer
surface of the rack tooth positioned at each of both ends 1n 60
the axial direction toward an axially outer side at a position
of L, distant from a radially outer end portion of the
corresponding rack tooth toward a radially inner side, is
denoted as 1,

a force, which 1s to be generated on the axially inner 65
surface of the first dummy tooth toward an axially inner side
at a position of L, distant from the radially outer end portion

6

of the rack tooth positioned at each of both axial ends toward
the radially inner side, 1s denoted as 1.,

a force, which 1s to be generated on the axially outer
surface of the (n-1)” dummy tooth toward the axially outer
side at a position of L, _, distant from the radially outer end
portion of the (n—1)" dummy tooth toward the radially inner
side, 1s denoted as t,, _,, and

a force, which 1s to be generated on the axially inner
surface of the n” dummy tooth toward the axially inner side
at a position of L,, distant from the radially outer end
portion of the (n-1)” dummy tooth toward the radially inner
side, 1s denoted as {1, ,

a relation of L, xt,=L,.xt,, Lixt,=L.xt,, . . .
L, xt, =L, xi, 1s satisfied.

(6) In the steering rack of any one of (1) to (35), wherein
the radially outer surface of the at least one dummy tooth

1s formed with at least one groove portion.

(7) In the steering rack of (6),

wherein the groove portion 1s formed 1n total of three or

more on the plurality of dummy teeth having the same tooth
height.
(8) A method of manufacturing a steering rack, comprising,
forming a plurality of rack teeth on a radial one side surface
of a part of a rod part, which 1s extending in the axial
direction and 1s made of a metal material, 1n an axial
direction by pressing a tooth-forming punch having rack
tooth processing concave and convex having a rack shape
toward the radial one side surface and plastically deforming,
the radial one side surface, wherein

the plurality of rack teeth i1s configured to mesh with a
pinion configured to be rotationally driven by an input shaft
ol a steering gear configuring an automotive steering device,

the tooth-forming punch has dummy tooth processing
concave and convex of which a tooth height 1s less than the
rack tooth processing concave and convex at parts adjacent
to both axial sides of the rack tooth processing concave and
convex, and

at least one dummy tooth having a tooth height less than
the rack teeth and configured not to mesh with the pinion 1s
formed at parts that are the parts of the rod part in the axial
direction and are adjacent to both axial sides of the plurality
ol rack teeth.

(9) In the method of (8), wherein

in the process of forming the rack teeth, axially outer
surfaces of teeth positioned at both end parts of the tooth-
forming punch in the axial direction are contacted to axially
iner surfaces of the rod part.

(10) In the method of (9), wherein

the dummy tooth processing concave and convex has at
least one protrusion, and

a radially outer surface of the at least one dummy tooth 1s
formed with at least one groove portion by the protrusion.

Fftect of the Invention

The steering rack of the present invention 1s provided with
the at least one dummy tooth, which has the tooth height less
than the rack teeth and 1s configured not to mesh with the
pinion, at the portions adjacent to both axial sides of the
plurality of rack teeth configured to mesh with the pinion.
Therefore, when forming the plurality of rack teeth on the
steering rack by cold forging, the tooth of the tooth-forming
punch configured to form the rack tooth of each of both axial
ends and positioned at the axially outer side of the corre-
sponding rack tooth 1s applied with the force from the rack
tooth of the axially inner side and the force from the dummy
tooth of the axially outer side. Theretfore, since the balance
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of the moments to be applied to the teeth of the tooth-
forming punch 1s improved, 1t 1s possible to prevent the
stress from being concentrated on the teeth, thereby imple-
menting the long lifetime of the tooth-forming punch.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts a rack and a tooth-forming punch accord-
ing to a first embodiment of the present invention.

FIG. 2 depicts a stress distribution that 1s to occur 1n a
tooth-forming punch of the related art.

FIG. 3 depicts a stress distribution that i1s to occur 1n a
tooth-forming punch of the present invention.

FIG. 4 1s an SN diagram of a lifetime of the tooth-forming
punch of the present invention.

FIG. 5 depicts a rack and a tooth-forming punch accord-
ing to a second embodiment of the present invention.

FIG. 6 depicts a rack and a tooth-forming punch accord-
ing to a modified embodiment.

FIG. 7 depicts a rack and a tooth-forming punch accord-
ing to a modified embodiment.

FIG. 8 1s a perspective view depicting a rack according to
a modified embodiment.

FIG. 9 1s a perspective view depicting a rack according to
a modified embodiment.

FIG. 10 1s a partially sectional view depicting a first
example of the conventional structure of an automotive
steering device having a steering gear in which a steering
rack 1s incorporated.

FIG. 11 1s a partially sectional view depicting a second
example of the conventional structure of an automotive
steering device having a steering gear in which a steering
rack 1s incorporated.

FIG. 12 15 a perspective view depicting the steering rack.

FIG. 13 1s a view, as seen from a XIII arrow direction of
FIG. 12.

FIG. 14 1s a view, as seen from a XIV arrow direction of
FIG. 12.

FIG. 15 15 a sectional view taken along a line XV-XV of
FIG. 14.

FIGS. 16A to 16F are sectional views as seen from the
same direction as FIG. 15, depicting a method of manufac-
turing the steering rack relating to the conventional structure
In a process sequence.

FIGS. 17A and 17B are partial perspective views depict-
ing shapes of rack teeth before and after sizing.

FIG. 18 1s a sectional view for illustrating problems of a
method and an apparatus for manufacturing the rack of the
related art.

FIG. 19 1s an enlarged sectional view corresponding to an
area A of FIG. 18.

FIG. 20 1s an enlarged sectional view corresponding to an
area B of FIG. 18.

DETAILED DESCRIPTION OF EMBODIMENTS

Hereinaliter, a steering rack according to each embodi-
ment of the present invention will be described 1n detail with
reference to the drawings.

A steering rack and a method for manufacturing the same
according to the present invention have features that when
forming the rack teeth 16 on the radial one side surface of
a part 1n the axial direction of the rod part 15 configuring the
steering rack 1la (processes corresponding to FIGS. 16C
and 16D described above), the stress 1s prevented from being
concentrated on the teeth 39 of the tooth-forming punch 32
and the long lifetime of the tooth-forming punch 32 1s thus
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implemented. Since the other configurations and operational
cllects are the same as the conventionally known steering
rack manufacturing method and manufacturing apparatus,
including the conventional manufacturing method and
manufacturing apparatus shown in FIGS. 16 to 18, the
illustration and description on the equivalent parts are omit-
ted or simplified.

First Embodiment

As shown 1n FIG. 1, a tooth-forming punch 32 of a first
embodiment has not only the above-described rack tooth
processing concave and convex 40 but also dummy tooth
processing concave and convex 41 at parts adjacent to both
axial sides of the rack tooth processing concave and convex
40 (1n FIG. 1, only the dummy tooth processing concave and
convex 41 on one side in the axial direction 1s shown). A
tooth height 411 of the dummy tooth processing concave
and convex 41 1s formed less than a tooth height 40L of the
rack tooth processing concave and convex 40.

Therefore, when strongly pushing the intermediate mate-
rial 23 into the holding hole 28 by the tooth-forming punch
32 (processes corresponding to FIGS. 16C and 16D), the flat

surface part 25 of the intermediate material 23 1s plastically
deformed 1n conformity to the rack tooth processing concave
and convex 40 and the dummy tooth processing concave and
convex 41 and 1s thus processed to a base rack 33 having
rack teeth 16 and dummy teeth 42 as shown 1n FIG. 1.
More specifically, the base rack 33 has an axially extend-
ing rod part 15 having a round cross section and a plurality
of rack teeth 16 formed on a radial one side surface of a part
in the axial direction of the rod part 15 and configured to
mesh with the pinion. A dummy tooth 42 1s formed one by
one at parts that are parts of the rod part 15 1n the axial
direction and are adjacent to both sides of the plurality of
rack teeth 16 1n the axial direction. Since a tooth height H,
of the dummy tooth 42 1s formed less than a tooth height H,

of the rack tooth 16 (H;=41L.<H,=40L), the dummy tooth
42 does not mesh with the pinion.

Also, the dummy tooth 42 has an axially inner surface 42a
and an axially outer surface 425 configured to be inclined 1n
a direction of axially coming close to each other as they go
toward a radially outer side, and a radially outer surface 42¢
configured to connect the axially mnner surface 42a and the
axially outer surface 42b6. The radially outer surface 42¢ 1s
a curved surface having an R-shaped cross section of which
an axially intermediate part 1s convex, and 1s configured to
smoothly connect the axially inner surface 42a and the
axially outer surface 42b. Therelore, a pair ol connection
parts 42d consisting of the axially inner surface 42aq and
axially outer surface 426 and the radially outer surface 42c¢
also has an R shape. In the meantime, as described above,
since the dummy tooth 42 1s configured not to mesh with the
pinion, there 1s no problem even when the radially outer
surface 42¢, which 1s a tooth tip, and the pair of connection
parts 424 are made to have the R shape.

The rack tooth 16 has an axially inner surface 16a and an
axially outer surface 165 configured to be inclined 1n the
direction of axially coming close to each other as they go
toward the radially outer side, and a radially outer surface
16¢ configured to connect the axially inner surface 16a and
the axially outer surtace 165. Herein, since the rack tooth 16
1s configured to mesh with the pinion, the radially outer
surface 16¢ 1s formed to be a planar shape, and a pair of
connection parts 164 between the axially inner surface 16a
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and the radially outer surtace 16¢ and between the axially
outer surface 165 and the radially outer surface 16¢ has an
angled shape.

When an inclined angle of the axially outer surface 165,
which 1s adjacent to the dummy tooth 42, of the rack tooth
16 (the rack tooth 16 positioned at the rightmost side 1n FIG.
1), which 1s positioned at each of both axial ends, of the
plurality of rack teeth 16 1s denoted as 0,, an inclined angle
of the axially inner surface 42a of the dummy tooth 42 is
denoted as 0,, and an inclined angle of the axially outer
surface 426 of the dummy tooth 1s denoted as 0., the angles

are set so that a relation of 0,<0,=0, 1s satisfied.
Also, a half value of the tooth height H, of the rack tooth

positioned at each of both axial ends 1s denoted as L,

(L,=0.5xH,), a half value of the tooth height H; of the
dummy tooth 42 1s denoted as L, (LL;=0.5xH,), and L,=H, -
[, 1s denoted. In this case, a force 1, 1s generated on the
axially outer surface 165 of the rack tooth 16 positioned at
cach of both axial ends toward an axially outer side at a
position of L, distant from a radially outer end part of the
corresponding rack tooth 16 toward a radially inner side.
Also, a force 1, 1s generated on the axially inner surtace 42a
of the dummy tooth 42 toward an axially mnner side at a
position of L, distant from the radially outer end part of the
rack tooth 16 positioned at each of both axial ends toward
the radially mner side. Also, a force 1, 1s generated on the
axially outer surface 425 of the dummy tooth 42 toward the
axially outer side at a position of L5 distant from the radially
outer end part of the dummy tooth 42 toward the radially
inner side. Herein, since the angles are set so that the relation
of 0,<0,=0, 1s satisfied, as described above, a relation of
t,>1,=1; 1s satisfied by a wedge eflect. Also, variation of
0.5xH,<H,-0.5xH; 1s made due to H,>H,, and a relation of
L,<L, 1s satisfied due to L,=0.5xH,, L,=0.5xH, and
L.=H,-L,.

Therefore, the moment L, xI, 1s generated on the axially
outer surface 165 of the rack tooth 16, the moment L,x1, 1s
generated on the axially mner surface 42a of the dummy
tooth 42, and the moment L1, 1s generated on the axially
outer surface 4256 of the dummy tooth 42. Herein, since 0.,
L, (H;) and the like can be freely designed, the moments are
designed so that a relation of L, x1,=L,x1, 1s satisfied.

According to the above configuration, the tooth 39 of the
tooth-forming punch 32 configured to form the rack tooth 16
of each of both axial ends and positioned at the axially outer
side of the corresponding rack tooth 16 1s applied with the
moment L, x1t; from the rack tooth 16 of the axially inner
side and the moment L,x{, from the dummy tooth 42 of the
axially outer side. Therefore, the moments applied to the
tooth 39 of the tooth-forming punch 32 are balanced (L, x
t,=L,xt,).

Also, the tooth 39 of the tooth-forming punch 32 posi-
tioned at each of both ends 1s applied with the moment [, x1,
from the dummy tooth 42 of the axially mnner side. The
moment [ ,x1; 1s less than the moment L, xt,, which 1s to be
applied to the tooth 39 of the tooth-forming punch 32 when
manufacturing the steering rack of the related art (refer to
FIG. 20) (L xi;<L,xf; because L <L,, 1;<f;). Since the
balance of the moments i1s improved n this way, 1t 1s
possible to prevent the stress from being concentrated on the
teeth 39, thereby implementing the long lifetime of the
tooth-forming punch 32.

Further, since the radially outer surface 42¢ and the pair
of connection parts 42d of the dummy tooth 42 have the R
shape, the stress concentration on the roots of the teeth 39 of
the tooth-forming punch 32 in contact with the connection
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parts 42d 1s relieved, so that it 1s possible to implement the
additional long lifetime of the tooth-forming punch 32.

The reduction 1n the tensile stress, which 1s to be gener-
ated on the roots of the teeth 39 of the tooth-forming punch
32, by the dummy tooth 42 is also clear from evaluation
results of an elastic-plastic analysis shown 1 FIGS. 2 and 3.
FIG. 2 depicts the tooth-forming punch 32 (corresponding to
the tooth-forming punch 32 of FIG. 18) where the dummy
tooth processing concave and convex 41 1s not provided like
the related art, and FIG. 3 depicts the tooth-forming punch
32 of the first embodiment. In FIGS. 2 and 3, the dark part
indicates that the tensile stress 1s high. It can be seen that the
considerably high stress 1s generated at the roots of the teeth
39 of both axial ends of the tooth-forming punch 32 of the
related art but the stress to be generated at the roots of the
teeth 39 1s remarkably reduced in the tooth-forming punch
32 of the first embodiment.

Also, FI1G. 4 depicts an SN diagram of the lifetime of the
tooth-forming punch 32. Since the stress to be generated at
the roots of the teeth 39 1s remarkably reduced in the
tooth-forming punch 32 of the first embodiment, as com-
pared to the tooth-forming punch 32 of the related art, the
number of cycles to fracture considerably increases and the
long lifetime can be thus implemented.

Second Embodiment

In the first embodiment, the dummy tooth 42 i1s formed
one by one at the part that are the part of the rod part 15 1n
the axial direction and are adjacent to both axial sides of the
plurality of rack teeth 16 (refer to FIG. 1). However, as
shown 1 FIG. 5, a plurality of dummy teeth 42 may be
formed at a part that 1s the part of the rod part 15 1n the axial
direction and 1s adjacent to each of both axial sides of the
plurality of rack teeth 16.

In FIG. 5, the n (n: natural number of 2 or greater) dummy
teeth 42 are formed at one side 1n the axial direction. When
inclined angles of the axially inner surfaces 42a of the
plurality of dummy teeth 42 are denotedas 0,,0,,...,0,, .,
0., in order from first to n” dummy teeth 42 close to the rack
tooth 16, and inclined angles of the axially outer surfaces
42b of the plurality of dummy teeth 42 are denoted as 0.,
O, ...,0, ,, 0, ,in order from the first to n” dummy
teeth 42 close to the rack tooth 16, the inclined angles are set
so that a relation of 0,<0,=0,<0,=0.< . . . <0, .=
0, _,<0, =0, ., 1ssatisfied. Also, when tooth heights of the
plurality of dummy teeth 42 are denoted as H,, He, . . .,
H, ., H,, ., in order from the first to n” dummy teeth 42,
the tooth heights are set so that a relation of H,>H. >
H.>...>H, _,>H, ., 1s satisfied. Also, half values of the
tooth heights Hy, H., . . ., H,,,_;, H,, ., of the dummy teeth
42 are denoted as L5, L., ..., L, _,,L, ., and L,=H,-L;,
L=H,-L.,...,L,=H, ,-L,  , are denoted.

In this case, a force f, 1s generated on the axially outer
surface 166 of the rack tooth 16 positioned at each of both
axial ends toward an axially outer side at a position of L,
distant from a radially outer end portion of the correspond-
ing rack tooth 16 toward a radially inner side. Also, a force
t, 1s generated on the axially inner surface 42a of the dummy
tooth 42 toward an axially inner side at a position of L,
distant from the radially outer end portion of the rack tooth
16 positioned at each of both axial ends toward the radially
inner side. Also, a force 1, 1s generated on the axially outer
surface 425 of the first dummy tooth 42 toward the axially
outer side at a position of L, distant from the radially outer
end portion of the first dummy tooth 42 toward the radially
inner side. Also, a force 1, 1s generated on the axially mnner
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surface 42a of the second dummy tooth 42 toward the
axially inner side at a position of L, distant from the radially
outer end portion of the first dummy tooth 42 toward the
radially inner side. Also, a force 1< 1s generated on the axially
outer surface 426 of the second dummy tooth 42 toward the
axially outer side at a position of L. distant from the radially
outer end portion of the second dummy tooth 42 toward the
radially outer side. Also, a force 1,,_, 1s generated on the
axially inner surface 42a of the (n-1)” dummy tooth 42
toward the axially inner side at a position of L, _, distant
from the radially outer end portion of the (n-2)” dummy
tooth 42 (not shown) toward the radially inner side. Also, a
force 1,,_, 1s generated on the axially outer surface 426 of
the (n—-1)” dummy tooth 42 toward the axially outer side at
a position of L,,_, distant from the radially outer end portion
of the (n—1)” dummy tooth 42 toward the radially inner side.
Also, aforce 1, 1s generated on the axially inner surface 424
of the n” dummy tooth 42 toward the axially inner side at a
position of L, distant from the radially outer end portion of
the (n-1)” dummy tooth 42 toward the radially outer side.
Also, a force 1, _, 1s generated on the axially outer surface
425 of the n” dummy tooth 42 toward the axially outer side
at a position of L, _, distant from the radially outer end
portion of the n” dummy tooth 42 toward the radially inner
side.

Herein, since the inclined angles are set so that the
relation of 0,<0,=0,<0,=0.<...<0, =0, _,<0, =0, _, 1s
satisfied, as described above, a relation of 1 >1,=t>1,=
t>...>,, =i, >, =1, . 1ssatislied by a wedge ellect.
Also, arelationof L, <L,, L,<L,, ..., L, _,<L,, 1s satisfied
due to H,>H,>H.> .. .>H,, _,>H, ;.

Therefore, the moment L, xI, 1s generated on the axially
outer surface 165 of the rack tooth 16, the moment L,x1, 1s
generated on the axially inner surface 424 of the first dummy
tooth 42, the moment L,x1; 1s generated on the axially outer
surface 42b of the first dummy tooth 42, the moment L, x1,
1s generated on the axially inner surface 42a of the second
dummy tooth 42, the moment L,,_,x1,, _, 1s generated on
the axially outer surface 426 of the (n—1)"” dummy tooth 42,
and the moment [, xt, 1s generated on the axially inner
surface 42a of the n”” dummy tooth 42. Herein, the moments
are designed so that L, xt, =L x1,, L xt,=Lxt, and L., _, X
t, =L, xI, and the moments from the left and right are
balanced.

According to the above configuration, the tooth 39 of the
tooth-forming punch 32 configured to form the rack tooth 16
at each of both ends 1n the axial direction and positioned at
the axially outer side of the corresponding rack tooth 16 1s
applied with the moment L, xt, from the rack tooth 16 of the
axially inner side and the moment L,x1, from the dummy
tooth 42 of the axially outer side. Also, the tooth 39 (the
second tooth 39) adjacent to the axially outer side of the
tooth 39 1s applied with the moment L,x1; from the first
dummy tooth 42 of the axially inner side and the moment
L xi, from the second dummy tooth 42 of the axially outer
side. Also, the n” tooth 39 is applied with the moment
L, _,xf, _, from the (n-1)” dummy tooth 42 and the
moment [, xf, from the n” dummy tooth 42 of the axially
outer side. Therefore, the moments that are to be applied to
the plurality of teeth 39 of the tooth-forming punch 32 are
balanced (L, xt,=L,x{,, L xt;=L,xt,, L, _,xt, =L, X
).

Also, the tooth 39 of the tooth-forming punch 32 posi-
tioned at each of both ends 1s applied with the moment
L,  xt, , from the dummy tooth 42 of the axially inner
side. However, the moment L,, ,x1,, ., 1s less than the
moment L,x1;, which 1s to be applied to the tooth 39 of the
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tooth-forming punch 32 positioned at each of both ends 1n
the first embodiment (L.,  ,xt, ., <L.xi; because L,, . ,<L;,
t, _,<i3). Since the balance of the moments 1s improved 1n
this way, as compared to the first embodiment, 1t 1s possible
to prevent the stress from being concentrated on the teeth 39,
thereby implementing the long lifetime of the tooth-forming
punch 32.

In the meantime, the present invention 1s not limited to the
respective embodiments and can be approprately changed
and modified.

For example, 1n the first embodiment (refer to FI1G. 1), the
tooth 39 of the tooth-forming punch 32 positioned at each of
both end parts 1s applied with the moment L,xi; from the
dummy tooth 42 of the axially inner side and 1s not applied
with the moment from the rod part 15 of the axially outer
side. However, the present invention i1s not limited to the
corresponding configuration. For example, as shown 1n FIG.
6, the moment may be applied from the rod part 15 of the
axially outer side.

In this case, the tooth 39 of the tooth-forming punch 32
positioned at each of both end parts and the rod part 15 are
axially contacted to each other. Also, a force 1, 1s generated
on the axially imner surface 154 of the rod part 15 toward the
axially inner side at a position of L, distant from the radially
outer end portion of the dummy tooth 42 positioned at each
of both ends toward the radially inner side. Also, the moment
L,x1, 1s generated on the axially inner surface 15a of the rod
part 15. Meanwhile, 1n the shown example, L 1s an arbitrary
value satistying a relation of 0<L <H,.

Therefore, the tooth 39 of the tooth-forming punch 32
positioned at each of both end parts 1s applied with the
moment L, xI; from the dummy tooth 42 of the axially inner
side and the moment L x1, from the rod part 15 of the axially
outer side. Therefore, since the balance of the moments 1s
improved, as compared to the moment L ,x1I, that 1s to be
applied to the teeth 39 of both ends of the tooth-forming
punch 32 in the first embodiment, 1t 1s possible to prevent the
stress from being concentrated on the teeth 39, thereby
implementing the long lifetime of the tooth-forming punch
32. This configuration 1s particularly eflicient when 1t 1s
difficult to increase the number of the dummy teeth 42.

In the meantime, also 1n the second embodiment, the tooth
39 of the tooth-forming punch 32 positioned at each of both
end parts may be applied with the moment L., x1, ., from
the dummy tooth 42 of the axially inner side and the moment
L.x1, from the rod part 15 of the axially outer side.

Also, 1n the above embodiments, the inclined angles 0.,

04, ...,0, oftheaxially inner surfaces 42a of the plurality
of dummy teeth 42 and the inclined angles 6,,0.,...,0,
of the axially outer surfaces 4256 are the same

(0,=0,<0,=0.<...<0, =0, ,<0, =0, ). However, the
inclined angles are not necessarily required to be the same.
In this case, the inclined angles are set so that at least a
relation ot 0,<0,<0,<0,<0.<...<0, <0, <0, <0, ., 18
satisfied.

Also, the radially outer surface 42¢ of the dummy tooth 42
1s not necessarily required to have the curved surface of
R-shaped cross section of which the axially intermediate
part 1s convex. For example, as shown 1n FIG. 7, the radially
outer surface 42¢ of the dummy tooth 42 may have a planar
cross section. Also 1n this configuration, when the pair of
connection parts 424 consisting of the axially inner surface
42a and axially outer surface 426 and the radially outer
surface 42c¢ 1s formed to have an R shape, 1t 1s possible to
relieve the stress concentration on the roots of the teeth 39
of the tooth-forming punch 32 in contact with the connection
parts 42d.

28+
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Also, as shown 1n FIG. 8, the radially outer surface 42¢ of
the at least one dummy tooth 42 1s preferably formed with
at least one groove portion 43. FIG. 8 depicts an example
where a pair of groove portions 43 1s formed adjacent to both
ends 1n a width direction of the radially outer surface 42¢ of
the dummy tooth 42, in the first embodiment where the
dummy tooth 42 1s formed one by one at the parts that are
adjacent to both axial sides of the rack teeth 16. The pair of
groove portions 43 has a substantially linear shape axially
extending and enabling the axially inner surface 42q and the
axially outer surface 426 to communicate with each other.
Also, the groove portion 43 has a width size of about 0.5 to
1.0 mm and a depth size of about 0.5 to 1.0 mm. In the
meantime, since the dummy tooth 42 1s configured not to
mesh with the pinion, as described above, there 1s no
problem even when the groove portion 43 1s provided on the
radially outer surface 42¢ which 1s a tooth end.

In this way, when the radially outer surface 42¢ of the at
least one dummy tooth 42 1s formed with the at least one
groove portion 43, 1t 1s possible to use the groove portion 43
as a relerence when positioning the steering rack 11a 1n a
post process after the forging. For example, the positioning,
1s performed by operating a probe having the same shape as
the groove portion 43 toward the groove portion 43 and
engaging the same with the groove portion 43. Particularly,
in this example, each of the pair of dummy teeth 42 provided
at the parts adjacent to both axial sides of the rack teeth 16
(in FIG. 8, only one axial dummy tooth 42 1s shown) 1s
provided with the pair of groove portions 43, so that a total
of four groove portions 43 are provided. Therefore, the four
probes are engaged with the four groove portions for posi-
tiomng, so that the positioning can be made with higher

precision.

Also, 1 FIG. 8, the pair of dummy teeth 42 provided at
the portions adjacent to both axial sides of the rack teeth 16
has the same tooth height. Therefore, 1t 1s possible to level
the steering rack 11a by engaging the four probes with the
four groove portions 43 to detect positions of the respective
groove portions 43 and confirming that the horizontal posi-
tions of the at least three groove portions 43 are the same.
Therefore, for the leveling, 1t 1s necessary to form a total of
three or more groove portions 43 on the plurality of dummy
teeth 42 having the same tooth height.

In order to form the groove portion 43, the dummy tooth
processing concave and convex 41 of the tooth-forming
punch 32 (refer to FIG. 1 and the like) 1s formed with a
protrusion (not shown) having a shape corresponding to the
groove portion 43. According to this configuration, since the
tooth-forming punch 32 has the rack tooth processing con-
cave and convex 40, the dummy tooth processing concave
and convex 41 and the protrusion, it 1s possible to form the
rack teeth 16, the dummy tooth 42 and the groove portion 43
on the steering rack 11q at the same time. Therefore, since
it 1s not necessary to process the groove portion 43 1n a
separate process, 1t 1s possible to prevent increases in the
working hours and costs.

Meanwhile, in FIG. 8, the groove portions 43 are provided
on the dummy teeth 42 of the first embodiment. However,
also 1n the second embodiment (refer to FIG. 5) where the
plurality of dummy teeth 42 1s provided at the parts adjacent
to both axial sides of the rack teeth 16, the groove portions
43 may be provided on the dummy teeth 42. In this case,
when the radially outer surface 42¢ of the at least one
dummy tooth 42 1s formed with the at least one groove
portion 43, the positioning of the steering rack 11a can be
performed. Also, when a total of three or more groove
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portions 43 are formed on the plurality of dummy teeth 42
having the same tooth height, the leveling i1s possible.

The shape of the groove portion 43 1s not particularly
limited mmasmuch as 1t can be used as a reference of the
positioning or leveling of the steering rack 11a. For
example, a substantially semispherical shape as shown 1n
FIG. 9 1s also possible. In this case, the groove portion 43
has a diameter size of about 0.5 to 1.0 mm and a depth size
of about 0.5 to 1.0 mm.

The subject application 1s based on a Japanese Patent

Application No. 2014-0096770 filed on Jan. 22, 2014, which
1s herein 1icorporated for reference.

DESCRIPTION OF REFERENCE NUMERALS

1: steering wheel, 2: steering shaft, 3: universal joint, 4:
intermediate shaft, 5: steering gear, 6: input shatt, 7: tie-rod,
8: steering column, 9: gear housing, 10, 10a: electric motor,
11, 11a: steering rack, 12: second input shait, 13: housing,
14: decelerator, 15: rod part, 15a: axially inner surface, 16:
rack tooth, 16a: axially iner surface, 16b: axially outer
surface, 16c¢: radially outer surface, 16d: connection part, 17:
backside part, 18: cylindrical part, 19: material, 20: receiv-
ing die, 21: concave groove portion, 22: pressing punch, 23:
intermediate maternial, 24: partially cylindrical surface part,
235: flat surface part, 26: curved surface part, 27: die, 28:
holding hole, 29: bottom, 30: mner surface, 31: inclined
guide surface portion, 32: tooth-forming punch, 33: base
rack, 34: relief flat surface part, 35: sizing die, 36: sizing
concave and convex surface part, 37: press die, 38: pressing
concave groove, 39: tooth, 40: rack tooth processing con-
cave and convex, 40L: tooth height, 41: dummy tooth
processing concave and convex, 41L: tooth height, 42:
dummy tooth, 42L: tooth height, 42a: axially inner surface,
42b: axially outer surface, 42¢: radially outer surface, 424
connection part, 43: groove portion, A, B: area, C: crack,
R,,, r,4: radius of curvature

The mmvention claimed 1s:
1. A method of manufacturing a steering rack, the method
comprising:

forming a plurality of rack teeth on a radial one side
surface of a part of a rod part, which 1s extending in an
axial direction and 1s made of a metal material, 1n the
axial direction by pressing a tooth- forming punch
having rack tooth processing concave and convex, the
tooth-forming punch having a rack shape toward the
radial one side surface, and plastically deforming the
radial one side surface of the part of the rod part,
wherein

the plurality of rack is configured to mesh with a pinion
configured to be rotationally driven by an input shait of
a steering gear configuring an automotive steering
device,

the tooth-forming punch having dummy tooth processing
concave and convex of which a tooth height 1s less than
the rack tooth processing concave and convex at parts
adjacent to both axial sides of the rack tooth processing
concave and convex,

at least one dummy tooth having a tooth height less than
the rack teeth and configured not to mesh with the
pinion 1s formed at parts that are parts of the rod part
in the axial direction and are adjacent to both axial sides
of the plurality of rack teeth,

in the process of forming the rack teeth, axially outer
surfaces of teeth positioned at end parts of the tooth-
forming punch in the axial direction are contacted to
axially iner surfaces of the rod part,
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the dummy tooth processing concave and convex has at
least one protrusion, and

a radially outer surface of the at least one dummy tooth 1s
formed with at least one groove portion on the at least
one protrusion, the groove portion being one of a 5
groove portion extending transversely to a width of the
tooth-forming punch and a substantially semispherical
groove portion with a diameter and a depth into the at
least one protrusion.
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